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(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently produce 1-hexene from ethylene with high selectivity 
by preparing an ethylene trimerization catalyst from a chromium complex with a coordinated 
neutral multidentate ligand, a metal alkyl compound and a topotactic reduction product 
accompanied with electron transfer. 

SOLUTION: The ethylene trimerization catalyst for the production of 1- hexene useful as a 
comonomer of linear low density polyethylene from ethylene is prepared using at least a 
chromium complex with a coordinated neutral multidentate ligand, a metal alkyl compound and a 
topotactic reduction product accompanied with electron transfer. The topotactic reduction 
product has been subjected to salt treatment, acid treatment or other treatments). The 
chromium complex is represented by the formula ACrBn A is a neutral multidentate ligand, (n) is 
an integer of 1-3 and B is H, halogen, amido, alkoxide or the like]. 
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(j) M*£tr**«fc^i**Hfc***i oo Kb 9] 
~i 5 o o°cx'BU&£mz>%& [st (i 7) ] , ★ 

T' 

[Q) »[k(T')H* I- ke + [Q] ♦ bT") » (<T ') H ').(T ').(Q)'- (17) 



[0 0 4 4] Sr«*i-5Ci:**-e#S. 

[oo45]*ft(d), (f) , (g) Xtf-(h) ic ;ty> f*^ -^D^^Uii^n^ 



(7) 

11 

i< an - /f /h-t;^ ©x-f/n« mt/^-^ 

>k L< IS? nn*;/UA^(D^ny^bj^{b*^, * 
/l/i»7Sh\ N-^f^WU; N, N-vVf- 
/^/Wi=,T5 KtL<liN-y ^/UTir h7 5 K#<£>7 

(»7/\<^-jV^ 1, 2-7'^^v ; ^--/'K 1, 3-zf 
i, y-^- /ut L< 12 2, 3 

-^^y^t-zuc^-zn, ^y-feyy, #y 

(jL^u.y^y % Wy^J*. 1. 2-v^l> 10 

drv-i^y, y y *7vk ^^f-^^sh^^ 
7 5 K» hV -n-7'3-;U})y**V'{ h\ 1, 4-v 5 
>\ 7ir h - hyyu, fh7tKo77^ 

[0 0 4 6] (c) icfflLTfi, hD^Jr^n 

15. 20 
[0 0 4 7] (d) IdPLTIi, ilTC^i: LT, 

mm&ztizi><DX'tete\<^t)K mart, n-^^y 

^^y^ai/ yy f-^A, ^yy'7i/ytHJi?A > 
3 y{tv ?-<?J*ZM*i-% - o. ooi~i 

Omo 1/1 C02g^T\ b 1 m o 1 IdttLT 

0. 001~10molffll^rim5. KJt46j£ 

ttWKRJtttfc^a*, - i o o~i o ot^fflv^r t 

Kl£B#Ffl|C|aLTfc#iCR£te&^\ i#~ 
6 0B^fflt^:W 5 tt5„ 30 
[0 0 4 8] (e) (CffiLT, S7c!**fi#tcR£ 

a, *mt*v%i- v y mt-r v y ^£#1*1- 

5:ti5t^ 0. 001~10mol/l«figt\ 
Mfc-S^lmo HCjttLTO. 001~10mol 

fflv^:i* 5 tl5 0 KJ&?Bg»i^R£fi&v^\ o 

~1 0 0 o C*m^Z>ZktfXZ. KJ^B#PBl(wHLT'b# 
lcpg£li&^/4\ 1#~6 O0«rfflV^:H>tl5, 

[0049] (f) i^i it, mmn^mm^ 
Kz>\>nx'\±fo^, waits vxbXT-txDm.m 40 

16. y >g&&, fifc&it, ffiftft* l*l£i£> iIi£*B££, 

S1M> /pftyiS, *»<7il!fc, vo> 
Kfi, V*.yW.m tF77/^d*^| 

0. 00 i~i Omo 1/ 1 ro*g-cfflvvs- 

[0 0 5 0] 2Tfe (g) icmlt, 7y-Ktt«fc»S 

[0 0 5 1] (h) ICfflLT, 7/-Ktt1*tRS 50 
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^itsto-cmtct^s, mart, y ^^ASr^-r^c 

[0 0 5 2] 2rj£ (i) icBiLT, 7 S ^<b**tt»k: 
[0 0 5 3] £<b{C, #38WIC:fctt5m j H£S)£#5 h 

[0054] ttasftiaiiifflv^Pjttsittfgji, ji»*i~ 

(5) , (6) , (7) Xfi (8) T'«^n5H-<^-^ 
7y*»t, a y^ 

«ksk m&mm. h®u t- 

^->-^, vnygf, =1^^^^, 7 

ir^/W7-fehy, r- h7 7/U^-o^r7gfS.0^ d f-y-7/W 

[0 0 5 5] -HR5JS (5)' -e^SixSW-rrf-^fc, 

7 5^{t^0i&^Sr^-t5wt^-C#5o 

[0056] (6) T**£n5&§f 

[0 0 5 7] (7) T**$tt5^-Y^-^^, 

[0 0 5 8] — JR* (8) T**$tt5l*-Y^-^lr^ifm 

^by^ 1 ?^, mfb7hy?A, yy^th^A, e 
l£7 h y -7^> ffi®?^ h y h y ^a, s^Sf 

T-by^i,, v-^^k-t" h y ^^y^7hy^ 

A, tg{k*y!7A, *fl^Hf5?»7A, fflt±i"7J*, & 

ik-^y y ^a, uukr??***** v 

nyf^, ffi^y^A, *ft^3 = 

^a, mk^7-tJ*, mt=-*7. mtfy*^. m. 
fctnj*. mm. wk~y*fl's mm. mm. % 
itm. m.tos». mtT>\s$.-<7J*. v>mr 

A, Blt^7/U5 = I 7A > {ggfT^u 5 = >7 A, ^£§£7 



(8) 



13 



[0 0 5 9] ^SlCffl^ibnS^t LX\t, 1$lcpg£ 

mm. m. ®m®, * 

[0 0 6 0] M X&&jBM\cm^btlZ>'l"< *&&t 

NHs, IWBR'i R'Ntf^^T? ^fcftfc, MET 10 

t L<f4n-^^3i— Tflj$<n^— r^M> *M7 
5 K, N-^f/WA7? K, N, N- fvWvU 
AT 5 KtKfiN-^A'T-tr bT5 K*OT5 K 

l, 1 -7 9 is /K l, 
v?*-/K 1, 4-^^t-/Wt)L<li2, 3-y 

#ys?*-A^s©^*-/iHi, /uty^ ^y 

yy&hy^/K ^#t^f^*^*^7 5 20 
K, hy-n-^^y h\ 1, 4 

f-V, T-fe h = h y/K x h7t Kd7 7>, v^fvW 

[0061] &gi*aa, ^as.t>'/3z.tt/^ 

*8fe (a) ~ (j) <7?il7cSJ£T-#bix^^^ 
*S+*ifeSr0i|*i-5 i t So 30 

[0062] t m&m t m x&m&m*®.?* 
BtidtT?* - ^ ^toat/w^iss^a^PjNfi-tT? 

^ai/^^^S^aSrlWlBtl-ff^^fe, IKS 

x&mtm&mftKftotz'ik, summing 

&t/&3g&a£ft&a<fcAM , *tkS&a&Pfl#tc 

[oo6 3] ttgu »Rtr/u-<^itta»cj:4»a*#tt 

ttlcKSttfcv^s IS, IfefttfA^ *£Stt % 0. 0 50 
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01~10mo 1/1 <£>S£-C\ »7cSS£j£^4 , <£><7-' 
* h^^Vlmo lUl*tU"Cp. 001~1 00 0m 

o 1 , tmM&it- 1 0 0 ~ 1 5 0**:, wmftfflte 1 ft 

~6 0BO*fl:4rj8«i-Sii:as«F*U\ 

[0064] i£fs&a, ft&a&tf/xteA^ 

f->\ ^y°$ >\ /i-y, f*v> v^n^ 

HtH, ^ f;V7A3-/i-t L < |j:if;w7/i'3-/'^© 
TVUzi— /HH, if;H-f;l"b U< (in -y=f/Uzr.— 

A«f©/Mjyy{b^k**JB, 1. 4— T 

[0 0 6 5] *S9J&#V*-tft?»ft*# 5 h^^^x 

1~1 0 0 0 0 k gffet), #$.L< fiO. 1-100 
0kg, £ 5#*L< J41-5 0 0 k.gffci. 
[0 0 6 6] *JBWIw43V>T, ^^UVWHfi^ttjKSr 

nA^frji, TK-»* (l) 
AC r B» (1) 

icT'fc D , B fi**!*^ 1-10 (0^{k7K^ 

^fv-K, TJ^^^/W, 7W-y, T)^>, 

foxy 4 vHr^'y K, *^77^ ^— r/w, ^ 

[0067] :i-e, ^B^ie^icEfit^-frsftto^ 

T-fi^VN^, 0i|^|±\ TE-»A (18) 
[0 0 6 8] 

[flsi 0] 

-D L (18) 



V.' 



D — L 



[0 0 6 9] W^.a, b, ctt*tl ; einM&.LlL0 



(9) 
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■T-, TC-«* (19) 
10 0 7 0] 

[fcl 1] 



(19) 



10 



[00 7 1] (5£cK d , e , f tt*n-?tL»SC L7c 1 
LT^T t 4 V * 2 flfi0>0Hfc7k#£, L* tt-t ix^ixffli 

(20) 
[0 0 7 2] 

Ufcl 2] . 20 

°- - D ». (20) 



l' l j l' 



[0073] (a*, g, htt-tn-ena&Lfco-e 

[0 0 7 4] 1E-«S; (18) , (19) W(2 30 
0) fcia^-C, d\ u'Ritn'te, *H;:l8J££it*fc 
OTBftv^, mx.it, Tfr*isyms '>^7;^u 

[0 0 7 5]-K(18), (1 9) Rtf (20) \Z 

SS> 7i^i/i, 2, 6-^3vK7*/ 

~/U7$ /g^v^ry — ^7; ^^7i = 

;l/lf©7/U^7!J-^7^SE *J*f-fr*i*7 

y£s ^71-/^^7^1, S/ h y/U*7.7^ 7S 50 
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[0 0 7 6] -«5*; (1 8) RV (2 0) fcj3V> 

£*i<&fc<D-ettfcv\6«, flttf, 7U/H, ^^/7D 

*.\\&®<nm»Mt LTJ4, #J;il4, y-fvv-S, 

I, /nf/H, 7*fvUg, **f-A4k 7i^Sf 
[0 0 7 7] ±E-MS; (18) (Cfelt^Gt LTfi, 
V, 7°n^>\ -?$y^ t b'v*'/* ? ^ f ^->7 

[0078] ±e-«5t (is) x-7n£h%^M%mm. 

K3eS*tSt©T?l4*l^ #Rlf, hy* (/• h^rv' 

yf/i/) i, i, i-hy* (y b*<s**f- 

,U) l, 1, 1 - h y * (/• fvU) 7" 

D^y, 1, 1, l-M* bSr'stf-fr) 7V 

l, l, l-l-y* (nih^-yy^/u) 31^^, 

1, 1, 1-hy^. (7*n#^->y^U) ^^V, 1, 

l, i-hy* (^h^v-y w i, i, i 
-bv* (7i/^f->^f;v) ^^y, hy^y/uy^ 

MJ^. (5-y f;P-2-7!)/w) h y * 

(5-3i^u-2-7yyu) by^ (5-7*^- 

;U-2-7!)/l^) y ^ ^, 1 , 1 , 1 - h y 7 V 

b])7V^Tl>, hU7!J;Wt^7-fy, bV7 

i, i-m* (t^^f-ttf-fr) 1, 1. 

i - b y * {rff-frf-Jr* f-*) *-$y, i , i , i - 
b\)x (7i^f« f-^} ny^ 
jv) j 9 >m(D^H^-9^&mn-m. 1 . 1 , 1 - h 

yx (v?> f^7? J *9>, 1,1, l-h 

✓ y^^, hy^ (3, s-^f/i'-i-tf? 

yy^) hy^ o, s-^y^u tvw-i 
-t*7/y^) y^y, i, i, i-h'y* (3, 5- 

^f;v-l-f7Vy^) x*^» 1, i, i-hy 

^ (3, -t'7/y^) /cz-iy, 

i, i, o, 1 y 

;w) y^>, hy^- (2-t°y> ? yu) y^^, hy* 

(6-yf^-2-f!)^) y^V, hy^. (2-f 
yiMO 7?^ hy^- (2-fy-W *^7^y, 

. hy^ (2-fy^/w) *^7^^>'f', Hy^ 
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(2-tf!J^) tKn^->^*V x by* (1-4 5. 

tfr^m^mm&mmL+m, i. i, i 

-MJ^. (v ! 7i=/l/*^7^/^fA') 3C*>\ 1, 
1, (i/^f/l'*^7-f/>f^) 

1, 1, (i'lf^*^7^y'>f;l') 31? 

[00 7 9] Jf;, m#M*££W-r5#MgEfti^ L 
Ttt, ^icR^tuSfcO-Cfi&V^, l, 

3, s-hyy^vu—i, 3, 5- hyrif^^o^df 
-y-y, i, 3, 5-hyif^-i, 3, 5-hyrf 10 

v^n-s^-y-y, l, 3, 5- by- i -T'otf/U— 
1, 3, S-HJTf^D^^ft^ 1, 3, 5-h 
y-t-y^-1, 3, 5- h y Tlfv^n^-y- 

1, 3, 5-hy-n-y^-l, 3, 5-h!> 
T-tfv^n^-y-y, 1, 3, 

-1, 3, S-MITf-y^n^t^ 1, 3, 5- 
Hj^y^-l, 3, 5- h y Tlfv'^n^.df-y-V, 

i, 3, 5-h!)7i=;u-i, 3, 5- hyT-y-'v-? 

n^df-f-v, 2, 4, 6-hy>^/U-l, 3, 5-b 

y 7f->^ o^^iJ-V, 1, 4, 7 - h y TiFv'* n y 20 

i, 4, 7-h^f/v-i, 4, 7-hyr-y-* 

•>^n7fy, 1, 4, 7-hy^^U-l, 4, 7- 
hP7f->7P/tV, 1, 4, 7- b y- i -.T'otf 
/U-l, 4, 7- H7f->^n;fy i 1, 4, 7- 

>y- t-^f-Az-i, 4, 7- h y Tlfv-^ n y-^ 

>\ 1, 4, 7-HJ-^o^v'^-l, 4, 7-h 
y Tifv-^ny^-y s 1, 4, 7 - h y 7i=^- 1 , 

4 , 7 - h y rf-'y * p y y^w-^fJt^ffi&ft:^ 

1, 3, 5-Fyf7->^B^^rty, 1, 4, 7 
-M)f7v/^D7ty, 1, 4, 7, 10-fF5f 30 
7->:? n Kx#:a 1, 5, 9, 13-f F7f7^ 

-y-r * y^ro-t-r * ? ^Hffift^ii, i , 3 , 5 - h y 

^-^-y-v'^D^Jf-y-y, 1, 4, 7-HJ«t^n 
12-^77y-4 > 15-^77^-5, 1 

s. 

[oo8o] yy y^mmm^-r^mm^tLx 

12, #lcPS£$ftSk<o-C|}&^/$ 5 , 0(lx.tf* fx (v> 
y j-sufcxy^ yi^vu-) ^f/u*^7-fy s ex (i/ 
7i-/l'*^7^/if^) 7i=M^7^ y^CO-a 40 

y y^ffiSEft^Ni, -^^^75^ ex (-yy 

^7 5/1^) y^/U-T^V, t*X (v^fvU-T? 

a^/u-T 5 V, bfx (7x=;l-7;/xf- 
/U) .75^ a, a' , a" - FP fc°y v^, 2,6- 
t*x (2-7a^/U-2-Tifi7 1 -/l') fUv'y, t" 

x [3- u-ey Viv^fiv-i 5 y) - 2-7?/> 

-yp^ f;H-ryl' > fc*X (y h^rv^^/U-) T 
/V, fx h^x^vvO 3i— r/K fx (7'b^-> 
ifyl,) ai-x/W (t-7'h^v'3C^U) (y b^-> 50 
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:r.-7vu^o^i^#ME&^2SWf fetu 

S. 

[0 0 8 1 ] *fc, ±e-«s: (i) (dbiz&^x. m 
Hfgu~i OO^kTKmSt LTIi, 4#WS££tuSfc 
<7)Ti;i#u^, 0>Rli, y?vu-g, j^/u-S, 7"ntvu 

=/ug^^if fetus. o©*ynK*^w 

If, T-fex-hS, t7n->SX»2-if^ 

•y-y^t- hs^^if fetus, utifti-ioo^h 

;iff, r-fef-zur-fe h"*—hS**s*»f fetus, 
^Jjj^i LTIi, »lcRjEStt5t>«)Ttt*V^s, 
If, 7y*ff, £*fil*\ **W?-Xf43**JSl-?-«Ss 
jj*#»-f fetuS. T5 KStLTfi, W^KJE^tiSt© 
T-liftU^s, -^f^7? K*» 5>*WS 

K£, ^77*0^7 5 Kg, v^^vWTS Kg, 
•^•^7 5 Kg, 5> K^S/ZUT 5 Kg, fx ( h y y 
f-yv-y!)^) 75 Kg, ^7i=^7 5 Kg, N-yf- 
,VT~V KXttT=y Kg*#¥»ffeH5. -< 5 Kgi: 
LTtt, 1#KR££;h.Sfctf>TW:fcl^#» #lx.li, 
✓ K^#*lf fetuS. T^a^KIiL 

Til, !RN::R££tuS tCD-Cfi&t^S, «a|^tf, y h^r 
i/KS, 3Lh*->K£, ^o*^->KS, ^h^yKS 
Xtt7i;^> KS4F^*tf fetus. ft7^a*'/ K 

K£, h KSX 11^*7 3: y KS«f 

tf fetus. 7i/-yiLttt, WcRSittStwcii 
^v^n ^Jx.tf, ^y-tfv, h/uoiy, ^i-y v by 
y f-yu^^if y, ^^r-y-y f-tv^y-t >xiti-yf ls> 
*$iimif fetuS. T/U-^Vt #{cps^$nst 

O-Cttftli^, -Witf, 317^1^^, 7'DfcVy, 7*f 

y, ^-feyxiir-fev^s^lffetuS. Tyu-^-^i: L 
X\t, #tCR>$$tuStro-CJi^V^5. T-ir^ 
U-^ % 7 I -/l'7tfuyXI±v'7i3^7tfl/y| 
*«*rf fetuS. 7^tLTIl !|#lcPS^$HSt<75T' 
li/£U^S, #Rff , h y xf/P7 5 >X\t h y 

5 y**«#tf fetvs. -r^tt-m, WcR^^tuS 

fA-if^hW 5 y^/J^lf fetuS. - h yA-i: L 
Ttt, «rlcRj&*ttSt«)-ef4*V^, Wx.^ 7-trh 

= h yyu^fi'oy- h y/u-SM^tf fetiS. ^ y= h 

If, t-yf;W7^ h y ^Xli7i-/u-^ h y^u- 
**«*tf fetuS. 4 >tLXit, #lcPg££tuS 

h<DX'\tts:\<^K HJ7i=/i't^7^y, h 

y h p;i/*^7^y, h y n-^.df->/u-*x7^ 
i± h yyf/v*^7-f v<$*s*if fetis. *^7^yt 

*->KiLTIi, ^icRje^nStW-Cli^U^^ 0>J^ 
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li, #J;itf. by 7* 

^*^77^ h> b y b !);^77^f K by:/?* 
;^^77-f bXte h y ^^/U^^^7-T b^d^tf 

♦wniffetis. ^(cpgs^^st 

> KXtt^^/^^**^ Wtfi&Vfh ti5 0 *^7 

[0 0 8 2] ±|E— tt* (1) -C*£ft5*ffe<0#ffiE 

RjESttSt^TttftV^ 09x.ff. by* b*^ 
^fvU) ^^PAh!i^P7^K (I I I) . 1, 
1, 1-MJ^ (^ F^^f^) x^y^P^Mi^; 20 
/W^/U (0) , 1, 1, UK^f 
/u)x^^PAh9?n?>fK(III), 1, 1, 

i - h y * h ?vu) by * (>^ y 

7 p p fcVuT 5 K) 9 n A ( I I I ) , 1 , 1 , 1-hD 
* 0*b*i/*f7U) ^*>--by* (^^7; 
F) ^pA (III), 1, 1, 1-by* b*v 

;K] ^pA (II I) , 1, 1, 1 - b y * U b* 

x^y^nAH/xK^>K (III), 
1, 1, Uh^^f^) x^y^pAh 30 

yft^h^K (III), 1, 1, i-b^ 
h*v/*^7U) x^y?nAh!J?P7^K (I I 

i ) > i, i, i — h y ^ (/h^-^f/W 
p^hy ?p^ k (i i i) , i, i, i-by* 

(^x/^S/^fvu) x^y?pAK!J^P7^K (I 
II), H/7y;^^y?p^M/*^x;v 

(0) , by* (5-^f/V-2-7!)/V) >*V*p 
A b U^/tfxvu (0) .by* (5-^^-2-7 
y/U) ^^y^pAHi^/^x^ (OK M)7iJ/u 
7;y?PAMJA;l//t?x/U (0) , F!i7!J;^^7 40 
^y^pAH)A;v*x;u (o) , h!j7!J/^^7^ 
yt^>K?PA h y*yud?=^ (OK 1, 1, 1- 

by* u^/istt/T-ji') x^y^pAhy*/^x. 

^ (OK by* (^xvu) ^y^DAh!)*;^ 
5^(0), 1, 1, (^^7 5;>f 

; u) x^y^ p A h !) #/U/}\xvi' (OK by* (t°7 

/y/u) ^y^AHW^ (o) , by* 
(3, S-v^Tvi-- 1 - t°y :/yAO pa h 

y y&AotfxvU (OK (3, 

t°7/y/U) ^y^PAh!)^P7^F (I I I) , 50 
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hy* (3, 

h y * (C/m^vUT $K) (III) h 

o, 1 -t°7 /y^) ^^-ny* 

(^yynkVur^ K) * *A (I I IK by* 

o, 5-^^- l-t^/y^) by* 
[tr* ( h y / ^a-> y /u) r 5 K] ^ a a ( i i 

I ) > by* (3, 5 - ^vU- 1 - tT5 ✓ y /^) * 

by* (^/7x;W; K) (I I 

I) ; hy* (3, s-^^/u-ri-br^s/y/v) > 
^y?pAFJxh*5/K(III), by* (3, 5 
-v^^/u- 1 yy/u) ^y^pAF!)ft7' 
h*S/K (III), by* (3, 

tr^/y/io ^y-^xy^p^ (o) , by* 

(3, 1 -\?7W;V) } 9^9 pA 

(OK by* (3, 5-v> 
7<fvU- 1 -fc'y/y A-) ^V^A (7xx/l/7t 
^U^) v^/l^xwl. (0) , by* (3, 

/u-i-b°yyy^) ^^pa (^p«^/ur^y 

V) v^A-tfxvU (OK by* (3, 

l-e^yy/w) ^y^nA (^<yy7iy w $ 

» v?#/V#xvU (0) H by* (3, 
l-t°7yij^) ^y^nA (Tir h- b y ;u) i/% 
/U^^/U (0) , hy* (3, 1 -t°7 

^/yyu) ^y^ni. (t-^f-^-YVxiMJ/u) v?* 
/l^xwu (0) , by* (3, S-^^^/U-l-t: 0 ^ 

yy/w) ^^>^pa (by^^^*7^>) 

^n/U (0) N by* (3, S-^/^f^-l-t^/ 

y/u) ^'y^o^ (Mjyf;^^7^y^'>K) 

5>*/P#=>U (0) , by* (3, 

f9 % /y^) ^?y^^ (nj7xx/u*^77^ 

h) v?*yU#x:/U (0) , by* (3, S-i/tJ-JV- 

i-t°7/yyw) ^y?pA (7F7tFP77y) 

S?*/P*=>U (0) , by* (3, 
fc'y^/yyw) ^y^nA (v^^^yu*^^^) i/^7/v 
^-/U (o) , by* (3, 5 -v^^vu- 1 -\i°yy 
y/U) ^y^PA (v 5 ^ f-^^/U^^rv' K) v?*/U* 

xi/u (o) , by* (3, s-^f-^-i -t°7^y 

/u) ^y^pA (i?77-j\'W7 4 K) 
(o) , by* (3, 5-v/-f y/p tvu- 1 
y;u) ^y^p^HJ*/^ (0) , l, l, i 

-by* (3, s-^^/u-i-tr^^y^) 

^pAMJ^/V/^x/V (0) , 1, 1, i-by* 
(3, S-i/ff-Zl'- 1 -t°9/y^) 7'p/^^pA 

hy*/U7j<=./w (o) , i, i, i-by* (3, 5- 
v^^^u- 1 -t°y yyAO 7^y^p^hy*^x 
(o) , by* (2-t'y^) ^y^p^F^ 

(o) , by* (6-^^-2-1:^^) 

^y^p^h^/^x;v (o) , by* (2-t o y 

v?/u) 7;y^DAhy*^x;U (0) , by* (2 

-try-i/AO t^7^y^p^ b y (o) , 
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>y* ( 2 - e y vvio */7^y^->F^Ai-p 
(o) , hy* (i-/f^'/!J^ y*>- 

^oAHJi;i/^ (0) , 1, 1, 1-bJJ* 
7x.~/U-foX7 4 J fS-iv) i^y? pa h y % vu#= 
/!✓ (0) , 1, 1, (5?:7*=/U**7-f / 

y.?vu) *^;nAF!)^D?>fK(in), 1. 
1, 1-hy* (^fWx7^^f^) 
a& h y *A'zK=-/i' (0) , l, 1, 
fvW,;*.74 /^9 L /W) x-9W n A b y l3iVi^=- 

(0) , 1. 1. 1~M)* ($*t*7U#*7-f io 
zu) i^y?nAh!)^P7'f K (HI). 1. 1 . 

x-^y^, (i/if;p*77-f;yf;i') ;c^y-f.y 
;* (-^y7"ot'/i'7$K) (I I I) =JW 

[0 0 8 3] *fc, 1, 3, 5 - h !J *?7U- 1 . 3, 
5- |, y 7f->^p/s^fy^i3i, h y 
(0) , 1, 3, 5- bV~ i -7"oW-l, 3, 5 

- h y T-fst n^^-fy? □ a h y 

(0) , 1, 3, 5- h y - i -7u fc'/U— 1, 3, 5 20 

- h y 7-fisf a^y-y? u A M)^P7^f K (I I 
i), i, 3, 5- h y- i -y°o fcVu-1, 3, 5- 
h y r-tf-y? p^-y-y* d Ai/? K (i.i)., 

•^pp7x=HbA-1, 3, 
1, 3, 5-hy7f^t3^t^oA (I I 
I) , ^pp7i=^dA-1, 3, 5-hy-i 
-•fuM'/V-l, 3, 5- t> y nfv^n^if-^o 
A(III), 1, 3, 5-h»- t -7*^-1, 

3, 5 - HJ 7f p^^-ty^ u a i- y 

(0) , 1, 3, 5-HJ-t-yf/U- 1. 3, 5- 30 

h y rif cj^^f-y-^^ a a h y ^ u k (i i 

. I) , 1, 3, 5-hy-t-y^-l, 3, 5-b 

y 7-y-*->^ p^^-y-v- h y (^y/DW? 

F) (III) , 1, 3, 5-h!)v'?o^v' 

/u-i, 3, 5 - b y T-y-*->? B^u-y* p a h y * 

/UtK^/U (0) , 2, 4, 6-hy^^U-l, 3, 5 
-by u^^-y-7 u J* b y.7J/Wtf-/U 

(0) , 1, 4, 7-hy^f-^-l, 4, 7-MT 

f>?.nyfy^Pi» h y * p K ( I i I ) , l, 

4 _ 7 _ (. y _ t -yj-ju- 1 , 4, 7- M TIPS'* 40 
□ /ty7PAh!)A/^=^ (0) , 1, 3, 5-1- 

y 3-7 p^^f-y-y* pa h y (o) , 

1, 4, 7-M)f7^o/t^BAHJA/i'#= 

/u (o) , 1, 3, 5 - h y **Vr's9 p^*-y-yy p 
Ahy*/^v (0) , 1, 4, 7-by**-9-i'9 

p/ty^ih!)^^ (0) 4S5©aMRS»igS: 
WI-^ffiEfi^Eft Lrc* p A«fftds*»f fc^i. 

10 0 8 4] £ If* (v^ f/^^7^ /if 

/U) ^ ^yU**7^ y* DiUJ^B^F (I I 

I) N (^7i=;>*^7^x^) 7i=A<* 50 
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*7-f y? n & b y (0) , (v^7i = 

/l/**7^ J J-f-zW) 7 31— /U/1n^7^ y* P A h y * 

p 7 W K (I 1 1) , -yifi/yhy75v^pAh y 

*/P7X-^ (0) , fc** (v ! ^f/l'7?7 3if;l') ^f" 
/U7?y^Pi.h^P7-f K (HI), a, a' , 
a" -by tlv^y^PAh !)^P7^K (I I I ) , 
2, 6 -fcTX (2-7i^- 2 -7iP^7-^) t°y 
•^y^aAh y ?P7^ K (I I I) , t** [3- (2 
-f!) iS/\,x.=f-/U*{ 5 /) -2-7'?7mv'A] * 
oA bV ?P7>f K (I I I ) , V b*is=-f- 
jv) pAHI?p 7-4 K (I I I ) , tf* 

(31 b^'sz-f-fl') i-t^pAMI^p^ K (I 
I I) ^»7y •yv 5 S*it^*i-5#Miafi:^ s Ifl&b 

[0 0 8 5] :ift<b<7)51b, 1 ■ar-feygtfUfr^&Jft 

iSttOEd>fe, (1) <Dtp&<D&mSZiiL* t VT 

5„ *7c, Bt UTfiTJ/W^'-zK ^Scl~10<nS 
{k7K^S, APyygf, 7$ K&tff-*-TA'=»*2'K 

p ^* y|§^S.I>*T 5 b'^mm 1/ ^ $fetc»*L 
<li, by* (3, 5-^f;i'-l.-f7^y/V') ^ 

^^pJ» h y (0) , bV* (3, 5-v 5 

y 1 - 1°7 y* y jv) *?>?uAb\) ?V74 K 

(III), Ml ^ (3, 5-^f/U-l-f7/y 

/u) ^^y^DAMjx (-y^y^ptvw) 75 K (i 

II), 1, 1, 1-hM hdr->y^) 
?dAF!) jjjl>7$~/l> (0) ^^fflV^ibtt?), 
[0 0 8 6] *^0^1C*3V>-C, ±!S<Ofl4<7)#ffilMW- 

4ri»b^to©l«WB*S J • Amer. C.h 

em. Soc. , 92, 51 18 (1970) &t*A n 
gew. Chem. Int. Ed. Engl. , 33, 
1 8 7 7 (1 9 9 4) Hf] \ZX VG-^&f&i-Z^tfr 

7j^#n/U (0) , ^y^*^#=-/U ( M) 7x=./P/l> 
*7-fV) *PA (0) , Th7*^^^ 
uy) (0) , h!) TJ/Wtf'-A' (^yif» *p 

A (0) , h y TJyU**-^ (hyu^y) *PA (0) , 
b]}tl^=-/U (MJ^f^^y) *pA (0) , 

h y *^/^=./u (^^r-y-y ^vi^y-tfy) 

(0) , hy*/U#=A' (t7^1/y) 7pA (0) , 

hy*yw#=yi' (-y* p— 7"^ h y jiy) *pa 

(0) , h !) j&zi'jtf^/w h!) ^. (T-ir h= h V ^) W 
A (0) , b V b V * (b ] J 71^*^7 

7 ^ h) ^da (o) ., (xfuv) v ? */'V*'->'W ( H 
y y ^^u^y-e'y) ?da (o) , y^n^-yMy 
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=- Y ]} /vV-b/vif^/v ( h v ff-jis^yHi/) ?nA 
(0) , by 7*^**7^^/^-^ (MJ^f- . 
iv^sMV) ?nA (0) , h !) (->?n^ 

>*^=/u) ?oa (i) y^-, tpy Khy* 

>VtS-jV (->? v<l/t)i>3LzL,V) 7nA (I I) %r<D 
^nA*W=;Hk^S, I<WpA(I I I) , 1 
fl^nA (I I) , Hk^nA (III), 

(II) , 3 7te;?nA (III). 3 7^°^ (I 
I) , 7y|WoA (III). 7H^oA (I 

I) , h!)* (fF7t Fo77» ^Di»7n7-f F 10 

(III) , 4-v?^-^-^^) ^Ai'o 
7-f K (I I I) , h})X (i/^/Ux.-T^) ?nA 
tvyyf K (I I I) , h!J* (t°y v'V) ?nA?o 
7-rC K (I I I) , bV * (T-feh-M)^) ?nA? 
D^K (I I I) ^tf>? o i^nywt;^, MJps. 
. (7h7tKD77^).?oAM)7 (^y/otVP 
7 5: K) (I I I) , F!)^ (rh7tKn77^) ^ 
aAM^ (v?xf/U7; K) (I I I) §©?pA7 
?KI, ^pA (IV) t-yh^Kfra^nAT^ 
3^f->K», ^nA (I I I) T-t^/UT-t b-f—Y^f 20 
05? dA-^ H7- ?nA (I I I) 
^f-yzn-K ?nA (I I I) T-fcr-f-K ^cA 

(III) 1-yT*-vm<fi>t>vJ*Ji^>W&M1>^ 

[0 0 8 7] *&(0£m.Mttb?vMk& ! ®)ZRfc£ 
li, fttcpg^ftStw-eiift^, fiWffiL 

u-^, h y > y^ro^f iKtti 

m, -^if/H-f/K 7h7tKD77^»I-7 

/HI, ^b^f-i^, 7pb*^ ra:&tel2t*3r<7)^ 
[0088] ftftff^RJSii, o^fcteffl-fs 

2 0~2 0 0tffo5„ R^^li^lC^JPS^n-f, ii 40 
fl»~4 8 B#f?H, # £ L < II 5 #~ 2 4 B^T'fc 5„ 

[0 0 8 9] ^&<D&mm=f-ti^$L Lfc ? n A$tft 

ftJtU^ii^li, £&/£w^n<fc5^fi# 50 
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[0 0 9 0] #$ge.mc:fc^TI±, *&<D£mMl&*tfm 
&Lfc7nAfgft£>5*,, ZzO^mmttft f a c i a 

1 l:EfiLfc7 p A^^ffl 1 1 A5» J LV\ &m. 
mifrKi a c i a 1 u ^mfcZRl^Z ^ 

WftbtiZo #Mga{i-?-7)5 f a c i a 1 legist 

LfcHtftli, ffift^ 3 oiB{4 Ltz 6 ffifiABftSfgft 

tfcft-. i43i (s*md ) . fin*,, sa&^3o 

JEft Lfc 6 $HkAM#M$gmcts^X , 3 owgEft^-fi 

[0091] *%w\a$\,^x&m£ixz>T;u*j\s&m<k 
4mt. mmmztizhnx-tefo^K #jx.ii, Tie 

RpMX, (2) 

(sfcf, pli0<p^3ffc'?, qiiOg q < 3T*fco 
T, L7)>t>P + qfil~3T'*>3, Mliy^7^, ^ 
-*->7A. Mlt), 7tfp>37Ji7/U5 = 7A£3?U Rfi 

^*isci~i o<DT^/vm^ht£^mx. ^siitus 1 

[0 0 9 2] ±K-«* (2) IcJo^T, ^^icl~l 
0 07/^/i'li lti±, 4#icps^$tt5 trorii*^ 

0ijx.fi. 7°ntVuS, 
S, ->?u^dr^uSXIi^-?^K^73^(f ibti^o 
T^=>^'>£i t-Cli, !|#^clSS$i^e'bw•C♦li^v^ 

7i7^->S^W btt5o ry-zuSi: LTIi, W 

<7)T'^i^V^^ v ^ijxli, 7-7*, *3ftXli3 7* 

[0 0 9 3] ±B-|ft* (2) (CfcV^T, M7)5A 

lt\ p t q^-^n^ttl . 5<Dtf, A 1 Ri.s Xks 

[0 0 9 4] iilE-flS:^; (2) T*^£ ft 57^371^*1 

7 A. 7°ctVuy^7A. n-7'f-^y fyA, s-7* 
^yf-7A, t-7*^yf"7^, *?=.f-flrrtf**/ 
7 A, 3if L /U7'f-^-r^v-7 A. 

^^ffi$a\ v ; 7'^>'Wffif-b\ h y ^ fvU*'7 V, h y 3i 
hy^^7^5; = 7A. hy^^/l'T/W 
5-7A, FHV7'f^77U?x7A > MJ-n • 



(14) 
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A, Ml i/fv^^Jl'T J*. i/t=f-jv^=3-jv 

^f;U7/u; = !>At^*^P!) K, ai^/UTA^-^ 10 
Air*^ p y K, ^7/i'5= l >At^*?ci!) 

[0 0 9 5] cftfe©5*>A^0>£8£RtWgtt<0ffia» 
$ 6 L < ft h y xf;i,7^ 5 = b V << V 

[0 0 9 6] r/W*/^M^«)<Z>ftffli:tt, * » 20 
■ fl£l^-/HC*tLTO. ^lOOOOSit-*)^ »S 
L<IJ3~3OO0Si > .fc^fcp* t<«5~2 0 0 0 

[0 0 9 7] *«Wro«f ttro^ffiEtt-T-ASEffibfc^ o 

* r- ^ y V fmitw&^&to b ft 5 * ^ ^ ^ © H»k 

[0 0 9 8] rottji*flli-r58R©^n^«&flc<D»« 

l±4#lc*]|5B$tvftv^s N iilff, l *)fct> o. oo 
iy^^p^-ioo;!)^ ffSKiio. oi 

v^^a^^l 0 5 y ^/KO^S^T'^ffl^H^o 

-Cftv\ :;t-fflv^Wgli LTii, «x 
if, ^v*^, ^=H»-v. ^7$^, 

p hP-^-f 5gftT\ &SW£X"C 50 
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[0 0 9 9] *fc, flftB<0*PA«t(*:* TVV^/l'&flWb 

f&mz&mmtzmnumt- ioo~25 o<c, »* 

f\ l#~2 4B#Wk »*L<tt2»~l 2«FWe4> 
[0 10 0] *55W©3if-u^<o=*{bSJSf4s mflS© 

RVm*&W) Zfto htfffTj y? ft at7cEJC£j*fc 
^SStt$*-C» S5«i:lRll*»c=»bRrt?S:M*6r5* 

5 h 9 7- 4 y t tem7cBU&9i!&b Srftfl t o 

[0101] ( l ) 9 n a 

3iSr(c5)S^{-WAi-S, (2) T^*A^Kft^*fc 
^4»3cR*S±riS*&V3if L i'>'S:^Ai-S, (3) ^ 

^^a-ts, (4) T/^^mit^mRx/m^wii: 

^nAflffr&tr^f-u^SrWAi-S, (5) tu^mte 
*fc, (1) 

r^j^mit^m-kMTs-th, (2) T^^r/^JR{b 
jftiftSr-grtrfiHBfStc^nAWftcSratA-t-a, (3) T/u 

(4) ^DA»fl£^tf»*tc:tt^ftS:fli5 
r < y ^ 4»5ES(S4**i: T^^&JU^tt^aiA 
tv^*fe«cJ:9ttttS:H»U xf>^t8* 
$*-C=»kKl£«rff5Ci:^#5- ft^5^ 

[0102] *%PJ^c^3v^Tfi, ^stcuSfc, ftt© 

AUmrF&Wlt:& oYXttT-jy? Zj:Jt5cRJ6^J««J 



(15) 

27 

[0 10 3] **Wlwi3v^-c{efflSix53fett, WdB£ 
Sitsto-ettftv^, "TW#» 

JtiSajfclffeJx, «*»fiiUT.ri, 0. 2~2000n 
mfflWiU, £.9£f*L<l42 0 0-7 0 Onm 

[0 10 4] %<D%Ut LTtt***XttAI*ll[0>^ 

[0 10 5] 3tro»»Wffltt» 1#»-*iJPfi$ix51>roT-»4 
ftv^X atria© T/u^A^feJWb^-tt&ini 

*l'itt^fisWLTt«tv\ *©BMtP»ni]tt1*K:* 

[0 10 6] ^WIwJSJt'Sai^-UVOHiftRtSwa 
UEtt, -100~2 50tT*»6*, £r*L<l40~2 
0 OtffcS, KJ&E79I4, »£W^i^#B^T- 
fcftf4#l-f&IPS£ftftv^ »fit % lft»E-eo. 0 1- 
3 0 0 0 k g / c m 2 X'ib <0 . #4 L < 14 0 . 1-30 
Okg/cra't'W. Sfc, &£l#IS!iifiS*E2>fc. 

[0 10 7] #KJS»4, E#5*;, 
fcl-^tyfl, 'j±tD0>mm&&MfBfe\zJ:9&l&ifc 
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[0 10 8] 

v\ 

[0109] ##0iJ 1 

Wy^7^X\ J. Amer. Chem. Soc. , 
9 2, 5 1 1 8 (1 9 7 0) KEiW>#Jfc-C-&jaLfc = 
10 WS*J6«r*i"5hy^ (3. 5-^^-l-f7 
y y yU) 2 3 8mg, 9 a Jx^^jl fr'i$.=-l\> 

17 6mg, ^•>f-yy4 0mlSO ! Wl'xyi0ml 

LfCo WtHLfcl&fi&fciBU hy* (3, 5— 
;u-l-f77'D^) ^y^nA b y*/^=.yw 
(0) OUT, »t»t5) £#fc 0 :»^AO 

755 1 8 9 6 c m" £ 1 7 5 9 c m ' \ZM#> htl, h y * 

( 3 , 5 - v 5 ^ =f->v- 1 - t°y / y AO ^yii^A 

20 iCfacia 1 C t &7jk Lfc„ 

[0110] #%#J 2 
iSfb^D^fy?. 0g (44mmol) |Cn-^^r 
fyiOOmllrttLfct, n-7*f;l-!)f !>AOn 
-^.drf-y^jg (1. 54M) 57ml (8 8 mm o 
1) £iSTLfc„ £©»»«&£fi-e3BI«flti*U ± 

Sr&, 10"Torrt«U ft^T' 7 5 - 8 5 1C, 
1 0 3 Tor r VftfeLX &&®#&&1Zo #<btWt£ 

j*fc&5E*#wb;fc:*g*, (l i*) ..» [mo 

30 S 2 ] ' 2 °" X'h-otz. 

I 0 1 1 1 ] _hejS5cEJ6£j«« 7 . 0glC2 5%TV 
*=7*13 0mlt«JlOLfc. ;i<7?§§il$:£-3 0*C 

fco 

[0 112] ^^7=!Jy«7. lg (4 5m 
mol) £5 0 0m 1 <757M-*gfi? U - <757K^?S(-±ia 
/W-f ^.ttLSftia^BR* 7 . 0 g *^AP Lfc. - O^^iS 
&£»-e'2 4B#IWl*#U ±**«rl»*Ufcft, 7kS:V 
i^y-;U-C*Sfe#Lfc„ -tO^, ^S, 1 0" J To r r 
40 t?2 4«HBtt»U Sfeli^ (WT, {fc^-*- 1 tm-t 

ffiltt [Ph (Mel iNHlu [MoS 2 ]° 12 " T* 

[0113] WfcM 1 

■y a yy^fi;, fk-g-fj- 1 €ro. 2 0 g , o. 154 

mo 1/1 (D> y-fy7*^T^5- I 7A/->^n^dr 
■y-^fS2. lmlW^iLfc^y40mllrA 

50 [0 114] Jl*ttXtf»fl*M*«Jtfcrt**l 5 0 
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ftA£6. 9m g> 0. 154mol/l©hHy^ 
f-yUT/U^^^A/v-^ csif-ty^2. lml 
*Lfc hA/at^4 0ml SrAfU *S£tf#bfc 0 



*«KffiSffi*«? ^7 (5 0 0W) fcfflv 
3t«r3 0»BII»ltLfclt, ±K»«KC4:» 
[0115] 8 0 X:\ztm U JtftilJgS' 1 

4 0 0 r pm£MS& R^SI-^^^^Sr^AL 

fco 3 0#&, SJS^+iwTk^MmT'ffiA-rsrtlc 
[0 116] ^H§*£a$-CttttU fc^-e/KEEL 

EET-Ctt* ( 1 T o r r , 10 0*0 LT. 
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1". 

[0117] nmw2 

[0118] Jttfcfl l 

10 L-CRJCSrtTftofc. *£Jfl£S 1 1£^1- 0 
[0119] tk^^J 2 
ttflcA0>ftfr9£ (1, 3, 5- MJ ^^/P-i^ifv) 

^DAMi^t;^ (o) («t, mBitts) 

[0 12 0] 

1*1] 







mmw2 






amo l 
fimo 1 


16.0 
i-BUiAl 
6 4 0 

l 

2 0 0 


1 6. 0 
i — B u 3 A 1 
6 4 0 

fls^ftj-i 

4 0 0 I 


1 6. 0 
i -BuiA 1 
2 40 


16.0 
i -Bu,A 1 
640 

2 0 0 


£J&BE*I kg/cm 1 


8 0 
5 
3 0 


8 0 

5 
3 0 


8 0 
5 
3 0 


80 
5 

3 0 


@^ (PE) w t % 
&frtp<D w t % 
SLtfMftft C 4 
C6 
C 8 
C10 
CI 2 + 
C 6 $S£ w t % 


2 9 6 0 

9 3.8 
6. 2 

2. 2 
9 4. 7 

0. 4 

1. 6 
1. 1 

9 8.2 


3 4 5 0 

9 2.5 
7. 5 

1. 6 
9 5.7 

0. 4 

1. 3 
1. 0 

98. 2 


4 4 5 

9 9.0 

1. 0 

4. 4 
7 7.9 

2. 3 

5. 6 
9. 8 

96. 2 


46 7 

47. 6 

5 2.4 

7. 3 

6 9.9 
6. 2 
6. 0 

1 0. 6 
9 9.0 



C5«fi=<l-^t>/i^t»XlO0 

{0121] &f&ftt*bt£Z=?\'><o^*ikMllk$:tt^ZZ.k\zJ: 



7D7 h^— v^^t 



(51) Int. CI.' «9JK# 
// C 0 7 B 61/00 3 0 0 



F I 

C 0 7 B 61/00 



3 0 0 



(17) 

F*-A(##) 4G069 AA06 BA21A BA21B BA27A 
BA27B BC04A BC10A BC16A 
BC16B BC58A BC58B BD03A 
CB47 

4H006 AA02 AC21 BA02 BA05 BA09 
BAH BA31 BA32 BA36 BA47 
BA81 BA85 BA95 

4H039 CA19 CFIO 

4J028 AAOIA AA02A ABOOA ABOIA 
ACOIA AC22A AC32A AC42A 
AC44A AC45A BAOOA BAOIB 
BBOOA BBOOB BBOIB BCOIB 
BC06B BC09B BC18B CA07A 
CA11A CA24A CA47A CA51A 
CA58A 
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